• Rec'd ||T/P TO 06 APR 2005 

.. .PCT/DKO'3/Op68 6 • 




Kongeriget Danmark 



Patent application No.: 
Date of filing: 
Applicant: 

(Name and address) 

Title: A polymeric product 
IPC:- 



This is to certify that the attached documents are exact copies of the 
above mentioned patent application as originally filed. 



PA 2002 01567 

11 October 2002 

Cartificial A/S 
Fruebjergvej 3, Symbion 
DK-2100 K0benhavn 0 
Denmark 




PRIORITY DOCUMENT 

! SUBMITTED OR TRANSMITTBD IN 
i COMPLIANCE WITH 

I RULE 17.1(a) OR (b) 

i 



Patent- og Varemaerkestyrelsen 

I 0konomi- og Erhvervsministeriet 



07 NoverpkrSr 2003 



Bo Zillo Tidemann 



Patent- og Varem/erkestyrelsen 



BEST AVAILABLE COPY 





11/ 10 2002 17:31 PAX 



- PVS 



@004 




P668OK00 



1 




A polymeric product 



PVS 



Field of invention 

The present invention relates to polymers and producls produced by polymers, it 
5 disclosed a method for enhancing the quality of polymer products* espedatly poly- 
meric products that are to be exposed to pressure. Impact, wear and tear. The 
polymers disclosed herein are particularly useful for cartilage sut)stitution and for 
products to be utilised In medical devices. 
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Background of Invention 

Many prosthetic medfcal devices are implanted into toad-bearing joints such as 
knees, hfps. etc. As such, these prosthetic devices must be very strong and possess 
a high degree of wear resistance. Presently, the prosthetic medical device industry 
has utilised various metals and polymers and combinations thereof to fabricate 
prosthetic devices. Unfortunately, both metals and polymers have drawbacks. For 
example, metals such as stainless steel, tungsten and titanium, and afioys thereof, 
may succumb to the corrosive environment of the body and eventually begin to 
wear. Such wear may resuH in fine metallic particles being scraped away from the 
contact surface of the device and into surrounding tissue and bone which may 
potentially cause pathogenic problems. Polymers, such as polyethylene, 
polypropylene and nylons may also exhibit wear and may consequently produce 
particles which diffuse into tissue and bone. Both metallic and polymeric particles 
shed frum these prosthetic medical devices are of concern because they may be 
Inherently reactive with the tissue and bone they contact, thus possibly causing 
tissue degradation or necrosis. 

Many medical devices are implanted into load-bearing joints such as knees, hips, 
etc. or utifised In the human body where mechanical function provide high strength 
or shape stability such as heart valves, breast prosthesis, stent, catheter, etc. As 
such, these medical devices must be very strong and possess a high degree of 
wear resistance. Prosthetic medical devices manufacturers constantly work toward 
developing better products by Improving their physical properties. Improved wear 
resistance, for example. Is a desirable quality to impart to a prosthetic medical 
device. Improving wear resistance withtujt losing strength or catjsing oxidative 
degradation is a difficult balance to obtain. 

Generally, joint damage, such as cartilage damage, is treated by repiadng the joint 
with an arttfidal joint However, serious complications are caused by the replace- 
ment of artificial joints. In particular a hfgh oocurrence rate of loosening problems 
resulting in breakage of the bones around the artificial Joint In the case of cartilage 
damage a repair with cartilage substltutbn placed Into Intact bones Is to be preferred 
Instead of replacing the entire Joint 

Vanous methods have been devised attempting to reduce the wear rate of the load 
bearing prosthetic medical devices. For polymers, a common practice within the 
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prosthetic medical devfoe industry {$ to use cross-linked polymers and resins to form 
the medical device. Pofymers are commonly cross-linked by chemical catalysis or 
irradiation exposure. Most cross-linking methodologies do result In greater wear 
resistance. However, indiscriminate or uncontrolled cross-linking may result in the 
S formatton of a weakened pcdymeric matrix, not capal>le of withstanding the enor- 
mous pressures placed on the devices in the patient resulting In degradative wear 
as described atxjve. 

One common practice within the medical device tndustiy Is to use cross-linked 
10 polymers and resins to form the medical device. "Cross-linked" polymers are defined 
as polymeric materials which have been subjactad to chemical or radiation-fnitlated 
activation resulting in dendritic bond fonnation between and amongst Indivktual 
polymeric chains yielding new Intermolecuiar and intramolecular networks. These 
cross-linked networks within the polymer provide chemicai and physical properties, 
1 5 which are usually different from the virgin polymer. Such properties include 

increased wear and creep resistance, durability, etc. indiscriminate or uncontrolled 
cross-linking of the polymeric material comprising the medical device.may result in 
Improved wear resistance, tnit strength and other desirable properties may be 
sacrifioed. 

20 

Ultrahigh molecular weight polyethylene (her^nafler referred to as 'UHMW polyeth- 
ylene' or 'UHMWPE') is commonly used to make prosthetic joints such as artificial 
hip joints. In recent yeans. It has become Increasingly apparent that tissue necrosis 
and interface osteolysis. In response to UHMW polyethylene wear debris, are one 

25 course of the long-term loosening failure of prosthetic Joints. For examptei the proc- 
ess of wear of acetabular cups of UHMW polyethylene in artificial hip joints intro- 
duces many microscopic wear particles Into the sunounding tissues. The reaction of 
the body to these particles includes inflammation and deterioration of the tissues, 
particularly the bone to which the prosthesis is anchored. Eventually, the prosthesis 

30 becomes painfully loose and must be revised, it is generally accepted by orthopae* 
die surgeons and blomaterials scientists that the reaction of tissue to wear debris is 
the chief cause of ksng-term fsariure of such prostheses. 

US application 20020007219 describes radiation and melt treated ultra high mo- 
35 tecutar weight polyethylene prosthetic devices. The reference describes a medical 
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prosthesis for use wfthln the body which Is formed of radiation treated ultra high 
molecular weight polyathytene having eubstantiany no detectable free radicals. Pre- 
ferred prostheses exhibit reduced production of particles from the prosthesis during 
wear of the prosthesis* and are substantially oxidation resistant. Methods of manu- 
facture of such devices and material used therein are also descra>ed. 

US application 20020037944 descnbes crossllnking of polyethylene for low wear 
using radiation and thennal treatments. Described are methods for enhancing the 
wearH^sistanoe of polymers, (he resulting polymers, and in vivo Implants made from 
such polymers. One embodiment of the Invention presents a method whereby a 
polymer Is Irradiated, preferably with gamma radiation, then thermally treated, such 
as by remeiting or annealing. The resulting polymeric composition preferably has its 
most oxidized surteoe layer removed. Another embodiment of the invention preeenis 
a general method for optimizing the wear r^lstance and desirable physical and/or 
chemical properties of a polymer by cross-linking and themrally treating It. The re- . 
suiting polymerfc compositu>n is wear-resistant and may be fabricated into an in vivo 
Implant 

US applicatfon 20010049401 describes chemically crosslinked ultrahigh molecular 
weight polyethylene for artificial human joints. Disclosed is a method for enhancing 
the weaM>eslstance of polymers by crossllnking Ihem. especially befbre irradiation 
stenllzatlon. In particular, the Invention presents the use of chemical^ crosslinked 
ultrahigh molecular weight polyethylene in in vivo impiants. 

Summary of invention 

A first aspect of the present Invention relates to a medical device comprising a bio* 
compatible polymeric product with a layered structure comprising at least one upper 
layer of a first polymeric component, a rrtiddle layer of a second polymeric 
component, and at least one lower layer of a tNrd polymeric component, 
wherein the chain length of the first polymeric component and the third polymeric 
component Is longer than the chain length of the second polymerio component 

In a preferred embodiment the present invention provides methods of produdng 
polyethylene medical devices. Specifically, the invention provides a stratified 
polymeric structure to produce the medical devices having Improved wear 
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characterlsfics. At least three layers of polynidrs are stratified, and said etratlfled 
product may be pressed into shape. 

The term 'stratifiecf is used synonymously with the terms 'layered' and 'stacked* and 
means that the product & made by three or more layers or strata of polymer 
maierial. 

The characteristics of the medical product In the present invention Is high tensSe 
strength and improved wearabltity as well as capability of absorbing shocl<s. Impacts 
and pressure load» due to the stratified stnicture of ttie device and cross-linked 
polymers within the device. 

The tem> 'layered structure' especially describe features according to the method of 
formation of the polymer product of the devices, although a layered structure may be 
or may not be visible macroscoplcally or observable microscopically wittiln the 
device produced by the po^meJic oomponent& The layered structure of a device 
may be realised by chemical analysis of the polymeric product and also by 
microscopic method comprising light microscopy, contrast microscopy or NI\iR 
microscopy. The surface layer of the device can only be detected by chemical 
analysSs. 

In an preferred embodiment cartiage substitution is produced comprising the 
pofymeric material, said cartilage substitution may substitute damaged cartilage 
especially within Joints with intact bones, where it is being capable of partHy or 
completely fill the role of natural cartilage in the Joint 

The present Invention also provides for the fabrication of various ^es of prosthetic 
devices and other medical devices. While the invention is not limited to any 
particularly shaped medical and prosthetic device, the preferred shapes include 
acetabular cups, hip endo-prosthesis, knees, ankles, shoulders, tibial and femoral 
Jdnte, finger and thumb members, vertebra, eibows, foot and toe members and wrist 
members as well as breast prosttiesis, heart valves, stent, and catheter. 

In one embodiment of the invention, the polymeric materials produced in relatively 
thin layers are stacked, preferred is a combination where layers with different 
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constitution are located against each other. Layers compffsfng polymeric materials 
of two or more constitutions are utilised. One of the polymaric materiai comprises 
long polymeric chains su<^ as fibres, whereas the other polymeric material 
comprises short chain polymer material. The thickness or each polymer layer of the 
5 device Is selected in aocordanoe to the thickness of the device and the number of 
layers decided to utilise for thie device, a preferred fhidcness of each polymer layer 
is between 0.1 nnm and 10 mm. optional but also preferred Is a device constructed 
of polymer layers wherein the long polymer fibre are comprised in thinner polymer 
layers than the layers of the short chain polymer material 

10 

lyiedical devices manufactured from the stratified polymer layers of the invention 
may be moulded In one or more processes oomprising heating, vacuum and press. 
The stacked polymer layers are conducted to heat to combine the polymer layers, 
simultaneously or afterwards the polymer product Is conducted to a press In vacuum 
15 where the overall shape of the medical device is controlled. Any surplus of polymer 
material may be cut away. 

The medical devices can be produced with attachments, or one ore more apertures 
to improve the funcUonaltty within the body of the individual receiving the medical 
20 devise or to fasten the device in sedd lx)dy. 

Accordingly, another aspect of the invention Is a method for producing a medical 
device of a polymeric product, said method comprising obtaining a number of at 
least three polymer layers, and positkining the polymer layers In a sandwich 
25 oompo^on, and shaping the sandwich composition of polymer l^yens by heating 
said composition followed by pressing it into a mould, where the heating and 
pressirig processes are conducted In vacuum, and providing the polymeric product 
in a desired shape. 

30 In an embodlnoent the medical device is subjected to irradiation to cross-link the 
polymeric material, the radiatton source can be, but is not limited to, high-energy 
electrons, gamma rays, l^ht photons, microwaves, preferred is gamma rays, 
preferred Is gamma rays. 
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To reduce the firiction between the medical polymerfc device and its surroundings in 
the body, the shaped polymerjc product may be subjected to surface coating, the 
surface coating may be any bio-compatible coaling material capable of reducing 
frictioa In a preferred embodiment the product is coated with 10-500 nanometer of 
polyvinytpyrrolidone (PVP) by a plasma potymerisation treatment. The surface 
coating increases the irfetime of the device by increasing lubricating properties ant 
thereby decrease the friction. 

Definitions 

The temi fabric' is used to describe a layer of polymer; said layer is made of long 
polymer chains, such as polymer fibre. The fibres are combined in a textile structure. 

The term 'core' is used to dest^be a layer of polymen said layer is made of short 
chain polymer material. The short chain polymer material of the core is cast to the 
desired thickness. The core Is prinfiariiy used to enhance the capatMlity of the devlce * 
to absorb shocks, impacts end pressure ioad» the core can also attach two layers of 
fabric to eadi other. 

the term *flbre* is used as a unit of molecules, where the fibre is of relatively short 
length, and further characterised by a high ratio of length to thickness or diameter. 

The tenn "filament* is used as a single textile element of small diameter and very 
long length considered as continuous. 

The term Yilm' is used to describe a layer of polymer; said layer is made of short 
chain polynrter material. The short chain polymer material of the film is cast to the 
desired thickness. The film is primarily used to attach two layers of fabric to each 
other, but also provide important features to the devise as described below. 

The term 'inlay' is used to describe a smaller layer of polymer; saki layer Is made of 
short chain polymer material. The short chain polymer material of the inlay is cast to 
the desired shape and tfilckness. The Inlay Is primarily used to enhance the 
capability of the device to alisorbs shocks, impacts and pressure load in areas of the 
device subjected to higher degrees of pressure and shocks. 
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The term 'strand* is used as an assembly of parallel filaments simultaneously 
produced and lightly bonded. 

Description of Drawings 
5 Figure 1 illustrates one three4syered stratified structure of the medical devices 
comprising fabric - core or fnlay - fabric. 

Rgure 2 illustrates the three-layered stratified structure of figure 1 which Is eurfece 
coated. 

Figure 3 IRustrates one three-layersd stratified structure of the medical devices 
10 comprising fabric- film - fabric. 

Rgure 4 Illustrates the three^ayered stratified structure of figure 3 which is surface 
coated. 

Figure 5 Illustrates onefrve*layered stratified structure of the medica] devices 
comprising fabric - core or Inlay - fabric — film - fabric. 
15 Figure 6 illustrates the) five-layered stratified structure of figure 5 which Is surface 
ooated. 

Figure 7 Illustrates one suri^ce coated seven-layered stratified structure of the 
medical devices comprising fabric - film - fabric - core or inlay - fabric - film - 
fabric. 

20 Figure 8A Wustrates the seven-layered stratified structure of figure 7 as well as a 

cup^haped device produced from said layered stmctura (SB) and sealing of the r&m 
(8C). 

Figure 9 Illustrates a flow chart in the production of the device. 

25 DetaSied description of the invention 

The present Invention provides a desirable balance of Improved wear resistance and 
high tensile strength and toughness in the polymeric compositions used for medical 
devices. It has been discovered that wear resistance can be Improved without 
sacrificing other desirable properties such as toughness or strength by controlling 

30 the amount of different polymeric substrate comprising the prosthetic device. 

Refening to FIG. 1, the stratrfled structure of the medical devices Is Ulustrated. The 
producis of the Invention has a high tensile strength and improved wearabiOty as 
well as the capability to absorb shocfcs, impacts and pressure load, also it reduces 
the amount of tearing off. 
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The materiaJ for the medical devices Is prlmaiy polymerSt with at least one layer of a 
first polymeric component with high molecufar weight, and at least a layer of a 
second polymeric component with low molecular weight. This combination of longer 
and shorter polymers provides the feature of the device comprising strength 
5 according to tear, tension and compression. 

The main aspect of the invention Is a medical device comprising a blo-compatlble 
polymeric product with a layered structure comprising at least one upper layer of a 
first polymeric component, a rrtiddle layer of a second polymeric component* and at 
10 least one lower layer of a third polymeric component, wherefn the chain length of the 
first polymeric component and the third polymeric component Is longer than the 
chain length of the second polymeric component 

The essence of the present Invention Is the selection of the composition of the 
. 1 5 different polymer layers as wen as the selection of the number of polymer f ayers 
comprising first, second and third polymeric components, as well as thidmess of 
said polymer layers and also size and position of an optional layer of the second 
polymeric oonoponent. 

20 Another embodiment of the present Invention provides for layers of polyolefinic 
polymers and resins. Within the context of the present Invention, a polymer Is 
defined as an organic compound having repeating units of similar or different 
monomers. A resin is defined herein as a partially cured polymer having utility as a 
mouldable material suitable for curing into a solid article. 

25 

In an embodiment the polymers and resins of the polymer layers of the present 
invention may be polyolefinic polymers, polyethylene, polypropylene, polyacrylates. 
polystyrene, polytetralluorethylene, poiyvinylalcohol, polyethylene oxides, 
pofyvinyipyrrolldon, polysilanes, polyurethanes, polyethers. polyamides, polyesters, 
30 polyalkyt acrylates, nylon, rubber and epoxy resins. It should be understood that the 
above Hst of polymers is not e)(hau8tive, and other polymers may also be employed 
in the present Invention. Preferred is polyethylene aixl polypropylene. Most 
preferred Is polyethylene. 
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Preferably, the polymer materials of the first, second and/or third polymer layer may 
be from the group of pofyethylenes or the group of polypropylenes such as 
polyethylene (PE), polypropylene (PP), high molecular weight polypropylene 
(HMWPP), high molecular weight polyethylene (HMWPE), ultra high molecular 
weight polyethylene (UHMWPE) and ultra high molecular weight polypropylene 
(UHMWPP). high density polyethylene (HOPE), low density polyethylene (LDPE). 
high density polypropylene (HDPP) and low density polypropylene (LDPP), ultra 
high density polyethylene (UHDPE), ultra high density polypropylene (UHDPP), 
crose-llnked poiyethylmte, non-cross-llnked polyethylene, cross-&iked 
polypropyiene, and non-cross-linked polypropylene. In this embodiment of the 
present invention, any combination of polymers listed above, or their equivalents, 
may tie used. 

First polymeric and third polymeric component 

The polymers comprising the ftrat polymeric component and the third polymeric 
component are preferable above 1 00 monomer units, such as atxsve 1 ,000 
mononriers units, for example stoove 10,000 monomer units, preferable above 
20,000 monomer units, more preferable above 30,000 monomer units, further 
preferable above 40,000 monomer units, yet further preferable above 50.000 
monomer units, most preferable above 60,000 monomer units. 

The polymers of the upper and tower layer comprfslng first and third polymeric 
components of the present Invention have preferably molecular weights ranging 
between 1.000 and 100.000.000 such as between 10»000 and 75»000.000, for 
example between 50,000 and 50.000,000, preferable between 75,000 and 
25,000.000, mare preferable between 100.000 and 1 ,000,000, further preferable 
between 200.000 and 800.000. yet further preferable between 300.000 and 700.000 
most braferabie between 400.000 and 600,000 

In a preferred embodiment the polymers comprising the first polymeric component 
and the third polymeric component are comprises long polymer fibres, filaments or 
strands produced from the polymers presented above, preferred polymers to 
produce saki fibre and filaments may be selected from the group of poly-ethylenee 
Including, but not limited to, high molecular weight polyethylene (HMWPE), ultra 
high molecular weight polyethylene (UHfiflVVPE), high density polyethylene (HOPE), 
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ultra high densit/ polyethylene (UHDPE), crass-linked polyethylene and non-cross- 
linked polyethylene. The most prefen-ed polymer of the invention Is fibre produced 
from UHMWPE. The polymers of the first polymeric component and the third 
polymeric product provide strength and wearabniV to the device. 

5 

A preferred polymer of the upper and kiwer layer of the Invenfion Is UHMWPE, and 
a prefen^ed comblnatton is UHMWPE and HOPE. 

AddMondl components of the upper and lower layer polymeric material may be In- 
10 corporated into the matrix In a braided, woven, spongy or spiral pattern, the fibres 
and filaments comprising the additional components havlt^ reinforcing properties. 
The flt>res may be inorganic fibres such as carbide, nitride, boride, cartwn and oxide 
fibres, or the reinforcement may be of organic origin such as Dacion. 

1 5 The second polymeric component 

The middle layer comprising a second polymeric component can be constnjcted • 
Irom short chain polymer materiaU the polymers may be selected from the polymers 
presented above. Short chain polymers may have less than about 100 units, sudi • 
as less than at>out 90 units, for example less than about 80 units, preferable less 

20 than about 70 units, more preferable less than about 60 units, further preferable less 
then about 50 units, yetfiirther preferable less than about 40 units, most preferable 
less than about 30 units. The short chain polymer material may not have cross links 
and only weak Van der Waals forces between chains, and the molecule weight Is 
less than about 10,000, such as less than about 9,000, for example less than about 

25 8,000, preferable less than about 7,000, more preferable less than about 6,000, 
further preferable less than about 5,000, yet further preferable less than about 
4,000, most preferable less than about 3,000. 

Prefened polymers to produce the middle layer constituting film, core and inlay 
30 polymer layers may be selected from the group of poly-ethylenes or from the group 
of polypropytenes including, but not limited to polyethylene (PE), polypropylene 
(PP). high molecular weight polyethylene (HMWPE), high molecular weight 
polypropylene (HMWPP). high density polyethylene (HDPE), high density 
polypropylene (HDPP), low density polyethylene (LDPE) and low density 
35 polypropylene (LDPP). Preferred is short chain polymer material. Further preferred 
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Is polymers, which are branched. Most preferred Is short chain polymer material of 
polyethylene. 

From the above mentioned first, second and third polymeric components different 
5 polymer layers comprising fabric, film, core and Inlay are constructed. These 
polymer layers are further described below. 

Fabric 

From the longer polymers comprising the first and/or the third polymeric component 
10 as pr^ousiy described a fobric is constmcted constituting the upper and lower 
layers of a medical device. 

Within the fabric, the first polymeric component and the third polymeric component 
are preferably in the form of fibre. Methods of construction of fibres are known to 
• 1 5 persons skilled in the art The polymers may be aligned and/or spun Into fibre by gel 
spinning or filaments, which again may be spun Into strands. From said fibres and/or 
niaments and/or strands the layers of polymeric materials may be manufactured. 

The fabric may be produced into a suitable shape, said shape is constructed by 
' 20 . weave, knit, crochet, stiteh, plait, interlace, intertwine, Intertock, link or unite the fibre 
and/or filaments and/or strands in other ways such as non-woven technkiues. 
Preferable the fabric is woven or knitted. 

In an embodiment Ihe fabric can be woven using different techniques, said 
25 techniques include but Is not limited to cord woven, linen woven, mat woven. Celtic 
woven and twill woven. Persons skilled in the art know variattons of these 
techniques, said variations Is hereby incorporated. 

According to an emkiodiment of the invention the polymer fibres are woven Into a 
30 squared fabric comprising intercepts with angles of 90 degree. The dimension of the 
fabric IS optkinal, and the fabric can If the thickness allows It be rolled into a roll, 
from which suitable pieces are detached before the stratified polymer product te 
constructed. Products which can be used comprises but is not flmlted to fabric of 
Dyneema€> from DSM, Spectra® from Allied Signal Ina 

35 
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In another preferrod embodiment the fibres, filaments or strands of the constitution 
described above are woven into the fabric in a shape suitable for the shape of the 
polymeric product The shape of the fabric can be any possible shape including but 
not limited to round, oval, triangle, quadrangle, square, rectangular, pentagon, 
5 hexagonal etc^ and may be symmetrical or asymmetrical in any cfirection. Preferred 
shapes of the fabric are quadrangle and round. 

In one embodiment the fibres in each layer of the fabric are positioned over each 
otiier making a structure wherein the angles of the Intersect are of 1 to 179 degree. 
10 such as in angles of 40 to 150 degree, for example such as in angles of 60 to 130 
degree, such as in angles of 70 to 1 10 degree, for example such as In angles of 60 
to 100 degree, such as in angles of af)out 90 degrea Most preferred is intersects of 
fibre and strands In angles of atx>ut 90 d^ree. 

1 5 The thickness of the fabric Is determined by the number of flt>res and/or filaments 
and^or strands and the distance between these fibres, filaments and strands In the 
fabric. The overail thickness of the fabric is between 0.001 mm and 3 mm, pref^nred 
is between 0.01 mm and 2 mm, more preferred is (>etween 0.02 mm and 1.5 mm, 
further preferred Is between .0.03 mm and 1 .0 mm, yet further preferred is between 

20 0.04 nrvn and 0.08 mm, most preferred is between 0.05 mm and 0.06 mm. 

The fabric need not be constructed of fibre or filaments or strands with equal 
thickness. A woven fabric where some of the strands have a larger thickness than 
the rest may be used. In this way e.g. every second, every third or mora strands in 
25 between may have a laiiger thibkness than the rest of the strands of the fabric. 

The fabric described herein may also be constnjcted by strands of different 
polymers. Said different polymers may be selected among the polymers Osted 
herein above. Two or more polymers may be used In the construction of the fabric. 



30 



In an embodiment the thickness of the febrtc may vary according to different 
thickness of the polymer strands as described above or different polymers utilised to 
construct the fabria Also different numbers of strands pr cm may be used. 



16 



11/10 2002 17:36 FAX ** PVS ®017 

P688DK00 

14 

in an embodiment the surfiace dfmension of one or more Inner layers of fabric may 
be smaller than the total surface dimension of a medical devioa Smaller layers of 
febilc may enclose Intc^. 

5 In another prefefred embodiment the fabric has a high tensile strength and a high 
wearabtllty. The degree of tensile strength Is detemriined by the polymer utOlsed to 
produce the fibre and the thickness of the fibre. The tensile strength of the strand or 
fibre in a fabric Is above 1 .0 GPa, such as above 1 .2 GPa, preferable above 1 .4 
GPa, more preferable above 1.6 GPa. further preferable above 1.8 GPa, yet further 
1 0 preferable above 1 .8 GPa, most preferable above 2.0 GPa. 

In another embodiment the tensile strangth of the strand or fibre in a fabric is above 
0.05 OPa, such as above 0.1 GPa, preferable above 0.3 GPa, more preferable 
above 0.5 GPa, further preferable above 0,7 GPa, yet fwther prefarabta above 0.8 
15 GPa, most preferable above 0.9 GPa. ' - 

• Although the term "mm' Is used In the description of fabric comprising the first and ■ 
third polymeric components, filaments and/or strands and/or other components 
comprising long chains of polymer units may be used instead of fibres. 



20 



The fabric constitute a rsMoroement fslbtic or tissue of the device. 



Film, core and Inlay 

The middle layer of the polymeric product comprf ses a second polymeric 
25 component Said polymeric component may be any short chain polymer material as 
descril>ed above. Also capped strands of long diain polymer materia such as fibre 
and/or filaments and/or strands may be utilised as short chain polymer materials. 

By 'chopped strands* Is meant shorter chains or strands cut from fibres and/or 
30 filaments and/or strands, not held together by any means other than weak van der 
Wans forces. 

In an embodiment said middle layer comprising polymer layer comprises a film, a 
core or an Inlay. 

35 
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The polymer layars film', 'core* and ima/ may be produoed of similar or 
substantially similar or dlfTerem polymers. Prefsrred are polymer layers of film, core 
and inlay which are produced by similar polymers. Polymers suits^le to be used are 
described above. 

The differences of film, core and Inlay may be the dimensions of the polymer layers. 
Said dimensions are determined according to the function of ^e polymer layers. The 
fllm» core and Inlay may diffar in thickness from each other, but may also have 
similar thickness, whereby film and core sometimes can substitute each other in the 
composition of the medical device. 

The visual difference of film and core is based on the thickness, wtiere the film in 
general is thinner than the core. The main purpose of a tiim layer is to attach tyvo 
layers of fabric to each other, and simultaneously provide the device with 
characteristics such as capablHty of absorbing shocks, Impacts and pressure load. - 

The core may also attach fabrics to ea^ other, and provide the same 
characteristics to the device as the film, but the core may be utilised in devises 
subjected to higher degree of impacts and pressure load than to devises con>prising 
no core layer. 

The difference of core and Inlay may be based on the length and width of the 
polymer layers, the Inlay may be smaller than a core. The function of an Inlay is to 
absorb shocks and pressure In specific areas of a medical device. An fr\\a^ of one 
device may be larger than a core of another device. 

In an embodiment sakJ middle layer comprises a film or core or Inlay. The film and 
core comprises the polymers described above, and may be oonstmcted by melting 
said polymers. Mbctures of polymers may be used to construct the film, core or inlay. 
The melted polymeric mass may be formed according to any method possible, said 
methods are known to persons skilled In the art. Said methods comprises but are 
not limited to blow moulding, extrudation, foil moulding, injection moulding, 
compression moulding, preferred is blow moulding. Preferred methods are moulding 
of the melted polymedc mass In small or large open moulds/vats or injectbn 
moulding, the thickness of the material is optional, but is chosen not to be changed 
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followed solidification. Following soDdlflcatlon the soUdffled polymeric matrix can be 
cut or punched or stamped out io a suitable dimension. 

The 8Uttat>le dimension off the film may be detemtlned In accordance to the scope of 
the appflcation. The preferred application of the film is as a thin polymer layer 
between two layers of fabnc^ in this situation the size comprising length and width of 
the film Is at least the length and width of the polymeric material used to produce a 
medical device, hereby the film may be squared, drcular or any other dimension as 
any surplus of polymer material is cBmoved following fomiation of the medical 



In an embodiment the device Is constructed from layers of fabrlCi film, core and/or 
inlay where said layers each has a dimension suitable to construe the device 
without any process of removing surplus of polymer layers, fn this process the 
polymer layers of film, core and/or inlay may have dimensions-smatler than the 
outermost layer of fabric. To adjust the size of the polymer layers to the form of the 
device to be produced, Inner layers erf fabrfo may be smaller than the outermost . 
layer of fabric. The outermost layer of fabric which constitute the Inner side of a 
medical device may also t>e smaller than the outermost layer of fabric which 
constitute the outer side of a medical device. 

The suitable dimension of the core may also be determined in accordance to the 
scope of the application. The preferred application of the cone is as a polymer layer 
between two l^ers of fat>ric, where the core fills in all the area comprising length 
and width between said two layers of fabric, in this situation the size of the core is at 
least the length and width of the polymeric material used to produce a medical 
device, hereby the core may be squared, circular or any other dimension as the 
surplus of polymer material Is removed followtng fomiation of the medical device. 

The suitable dimension of the Inlay may also be determined In accordance to the 
scope of the application. The preferred application of the inlay Is as a polymer layer, 
which fills In part of the area between two layers of fabric or film; hereby the inlay 
may comprises any dimension appropriate for the purpose of the medical device. 
The inlay is moulded Into the appropriate dInnensJon or it is cut into ttie appropriate 
dimension. 
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The thickness of the core and of the Inlay Is chosen in accordance to a reduction of 
said thickness in the constmction of the device. During the pressing process the 
thickness of the core and the Inlay may be reduced by up to 50%, as the short chain 
5 polymers of the Inlay and/or of the core are pressed In between layers of febric. By 
this pressing process the other dimensions comprising length in two dimensions of 
the core and Inlay may Increase as the thickness decreases. 

Objects of non-polymeric material or objects of polymeric material diflSerem to the 
10 material which the core or Inlay Is made of, may be placed within core or inlay. Said 
objects may be but is not limited to metal globes or metat sheets. The otqects may 
be incorporated in the inlay or core in the moulding process or may be placed In 
holes made In the Inlay or core In the moulding process or made afterwards. An 
examples of objects In an inlay Is metal globes in the inlay. 
IB . , • . 

The difTerenoe of film and core has a fluid borderline, whereby the ufiii^ oT film end 
core may be Interchangeable. Also the difference of core and inlay has a iluM 
borderline, whereby the utility of cere and Inlay may be Interv^iangeable 

20 In an embodiment the film Is prepared as described elsevi^ere, the film Is between 
0.001 and 5 mm thldc, such as between 0.01 and 5 mm, preferable between 0.1 and 
4 mm, more preferable between 0.2 and 3 mm. further preferable between 0.3 and 2 
mm, yet further preferable behveen 0.4 and 1.5 mm, most preferable between 0.5 
and 1 mm. 

25 

The core or inlay which are also prepared as described elsewhere, is between 0.1 
and 30 mm thick, such as between 0.2 and 25 mm. preferable between 0.3 and 21 
mm, mora preferable between 0.4 and 17 mm, nirther preferable between 0.5 and 
13 mm, yet further preferable between 0.6 and 10 mm, most preferable between 0.7 
30 and 7 mm. 

In an embodiment the surface dimension of one or more layers of film may be 
smaller than the total surface dimension of a medical device. Smaller layers of film 
may be used on one or more sides of smaller size fabric. 
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In a pretarred ambodUmntthe polymers as described above are of medical grade. 

The film, core and Inlay comprises short chain polymers. Examples of 
5 characteffstlcs, properties and additives of said short chain polymers are shown in 



the foltowing tables 



Characteristics 


Method 


Unit 


Value 


Mettfndex 


iS01133 


6/10 min 


0.6 


Density 


ISO 1163 


G/IOnrUn 


0.924 




Property 


Method 


Unit 


Value 


Yield Stress 


ISO R527 


Mpa 


12 


Tensile Strenghtat brealc 


ISOR527 


IV^ia 


14 


Elongation at break 


ISOR5Z7 


% 


650 


Modulus of elasticity 


ISO 527-2 


Mpa • 


240 


Melting point 


ISO 11357-3 




114 


Vicat temperature 


iSO 306 


•c 


96 



Mechanical properties measurad on a moulded plaque. 



10 Processing at an advised temperature of 150''C to ISCC. 

Additives may be used in the short chain polymer material, preferred is none slip 
agent and none anU-blocklng additives. 

15 An example of a short chain polymer material is Lacqtene® 1^ 6000 from Atoflna. 

Production of the layered polymeric product 

In one embodiment the poiymeric product from which medical devices are 
constructed comprises polymer layers in a sandwich or laminated format with at 

20 least three polymer layers, where the polymer layers are fused together by a heating 
process. The middle or at least one inner layer differs from the two or more outer 
layers, hereby the polymer layers constitute a film, or a core or an inlay with at least 
one layer of fetirtc on each side. The fabric provides a high wearabllity and high 
tensile strength, whHe the intey and core and to some degree also the Aim absorbs 

25 shocl(s. 
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In the production of a medical device, the different polymer layers as described 
above are laminated in accordance to the required characteristics of said medical 
device. In an embodiment the middle or at least one inner layer of the polymeric 
5 product constitute a core or a fi^, on each side of the core or film a fabric Is 

positioned. In a preferred embodiment the po^eric product are composed of three 
layers where the fiabrtes at the different sides of the core have equal constitulions. 

The layers of fabrics within a device can be different aocording to the polymers 
10 utilised to produce the fabrics or the fibres or strands within the fabrics may t>e 
different, or (he fabrics are produced in different ways, also the fabrics can have 
different thickness. In a cup shaped device the outer part of the cup may comprise a 
thicker fabric than the inner part of the cup, hereby increasing the wearabiUty of the 
outer part 

15 

In another embodiment the polymeric product are composed of more than three • 
layers, where,.ln between two fabrics a film or a oora or an bilay are posftioned. The 
indlvJdudl layers of fabric may be substantially Identical. Identical or different In 
composition. Also the layers of film, core and inlay may be substantially Identical, * 
20 identical or different in composition. 

in an emtx>dlment the number of the layers core. film. Inlay and fabrics differ across 
the polymeric product. The number of the layers can also vary in different areas of 
the polymeric product. The outermost layer of each side of the product must be 
25 falvfc, and two layers of fatirics have a film or a core or an inlay In between. With 
varying numk>er of layers across the polymeric product, also the thickness of the 
product varies. Some areas may contain an Inlay other areas may be without said 
inlay. 

30 In a further embodiment the outermost layer of the product can be a film. Said film is 
positioned next to a layer of fabric. Both sides of a product may have film layers as 
the outermost layers or only one sfefe is a film layer. In ease tfie medical device has 
more than two outer sides, one ore more sides may be a film layer. 
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The polymeric product can also constitute two or more layers of fabrics on each side 
of a core or an fnlay, and said two or more layers of ^brics may have a film of a 
polymer layer in between each fabric. Following heating of the layered polymeric 
product the film and/or core and/or inlay stick or bond together two layers of fabric 

Layers film and/or core and/or Inlay In a device may be different according to the 
polymers utilised to produce said layere. The polymers may be of different types, 
preferred polymers are mentioned her^n above. Also the polymers may be mixtures 
of different types of polymers or mixturea of polymer chains of diffen^nt length or 
both. 

Film may have a higher adhesiveness than core and inlay. 

The number of layers of fabric in a medical device Is optionai, as weD bs the number 
of layers of Him and fabric and Inlay can differ on each side of a core or of an inlay] 
The number of layers of fabric m a medical device is between 1 and 100, such as 
between 2 and 50, for example between 2 and 40, preferable between 2 and 35, 
more preferable between 2 and 30, further preferable between 2 and 25, yet further 
preferable between 2 and 20, most preferable between 2 and 10. 

Also the number of layers of film In a medical device Is optional, the number of 
layers of film is between 0 and 100, such as between 1 and 50, for example 
between 1 and 40. preferable between 1 and 35. more pref^ble between 1 and 30. 
further preferable between 1 and 25» yet further preferable between 1 and 20, most 
preferable between 1 and 10. 

In addition the number of layers of core in a medical device Is optional, the number 
of layers of core Is between 0 and 100, such as between 1 and 50, fbr example 
between 1 and 40, preferable between 1 and 35, more preferable between 1 and 30, 
further preferable between 1 and 25, yet further preferable between 1 and 20. most 
preferable between 1 and 10. The number of layers of film. Inlay and fabric can be 
different at each side of a core. 

The number of layers of inlays in a medical device is optional, the number of layers 
of inlay Is between 0 and 100, such as between 1 and 50. for example between 1 
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and 40, preferable between 1 and 35. more preferable belvveen 1 and 30. further 
preferable between 1 and 25, yet further preferable between 1 and 20, most 
preferable between 1 and 10. The inlay can be positioned anywhere within the 
stratified polymer product between two layers of film or fabric. The inlay may be 
smaller than the entire area of the medical device, and the inlay may be located at 
any position vwthln Ihe medical device. Also the number of layers of film, core and 
fobric can be different at each side of an Inlay. 
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Preferred layered compositions of the polymeric product of medical devices 
comprises but are not limited to the constitutions: 
fabric -film -fabric, 
fabric - core - fabric, 
fabric - film - core - film - fabric 
fabric - film - fabric - core - fabric - film - fabria 

fabric - film - fabric - film - fabric - core - fabric - film - fabric - film - fabric 
fabric - film - fabric - fHm - fabric - film - fabric - core - fabric - film - fabric - 
film' - fatMTfc - film - fetwia 

fabric - film - fabric - film - fabric - film - fabric - film - fabric - core - fabric - 
film - fabric - film - fabric - film - fabric - film - fabric, 
fabric - core - fabric - film - fabric - film - fabric. 

fabric - film - fabric - core - fabric - film - fabric - core - fabric - film - feA>ria 
fabric - film - fabric - film - fabric - film - fabric - core - fabric - film - fabric 
fibric - film - inlay - film - fabric. 

fabric -film - fabric - film - inlay - film - fabric - film - fabric 
fabric - film - inlay- film - fabric - film - fabric - film - fabria 
fabric - film - Inlays film - fabric - film - Inlay - film - fabric 
fabric - film - Inlay - film - fabric - film - fabric - fflm - inlay - film - fabria 
fabric - film - Inlay - film - fabric - film - Inlay - film - fabric - film - fabric 
fabric - film - Inlay - film - fabric - film - Inlay - film -fabric - film - Inlay - film - 
fabric 

fabric - film - Inlay - film - fabric - film - fabric - film - Inlay - film -fabric - film 

- Inlay - film - fabric 

fabric - film - Inlay - Aim - fabric - film - fabric - film - fabric - film - inlay - film 

- fabric - film - inteiy - film - fabric 
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• fabric-frfm-lnlay-fflm^fabric-fJIm- inlay--firm-fiBto'c 
fabric- film -fabria 

• fabric - film - fabric - inlay - fabric - film - fabric. 

• fabric - film - fabric - film - fabric - Inlay - fabric - film - fabric - film - fabric. 

• fabric - film - fabric - Inlay - fabric - film - fabric - film - fabric - film - fabric. 

• fabric - film - fabric - inlay - fabric - film - fabric - film - fabric - Inlay - fabric - 
fflm-fabria 

• fabric - film - fabric - inlay - fabric - film - fabric - film - fabric - film - fabric - 
inlay - fabric - film - fabria 

• fabric - film - fabric - inlay - fabric - film - fabric - film - fabric - inlay - fabric - 
film - fabric - film - fabric. 

• fabric - film - fabric - Inlay - fabric - film - fabric - film - fabric - Inlay - fabric - 
film -fabric - fBm - fabric - inlay - fabric - film - fabria 

• fabric - film - ffi^ric - iniay - fabric - film - fabric - film - fabric - film - fabric - 
Inlay - fabric - film - fabric - film - fabric - Inlay - fabric - film - fabric. 

• fabric - film - fabric - Inlay - fabric - film - fabric - film - fabric - film - fabric - 
film - fabric - Inlay - fabric - film - fabric - film - fabric - inlay - fabric - film - 
fabria 

• fabric - film - fabric - inlay - fabric - film - fabric - film - fabric - Inlay - fabric - 
film - fabric - film - fabric - inlay - fabric - film - fabric - film - ftoria 

• film - fabric - film fabric - film. 

• film -fabric -core -fabric -film. 

• film - fabric - film - cora - film - fabric film. 

• film - fabric - film - Inlay - film - fabric - film. 

• fabric - film - fabric - film. 

• fabric -cora -fabric -film. 

• fabric - film - core — film - fabric - film. 

• fabric - film - inlay - film - fabric - film. 

• fabric - film - fabric - Inlay - fabric - film - fabric - film. 

The constiiuliona of a product mentioned above may be surface ooatod by plasma 
polymerisation. 
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The polymertc material as described herein can also be used to cover prostheses ^ 
of her materials, such as standard prostheses. 

In another aspect of the Invention the medical device comprises one or more layers 
5 of fabrics which may be surface coated by plasma polymerisation. 

Features of the product 

The thickness of the polymeric product is detenmined by the number of polymer 
10 layers and the dimension of these layers in accordance to the requirements of the 
medical device. The total thickness of the polymeric product is between 0.001 and 
40 cm thick, such as between 0.005 and 30 cm» preferable between 0.01 and 20 
cm, more preferable between 0.02 and 10 cm, further preferable between 0.03 and 
6 cm, yet further preferable between 0.04 and 5 cm, most preferable between 0.05 
15 and 2 cm. 

In another embodiment the prafenied thickness of a device is about 3 mm. 
The surface area of a medical device may be between 1 cm^ and 200 cm^. 

20 The surtSaoe dimension of a medical device comprising the polymeric layered 

structure as described herein may be between 0.01 to 40 cm accordfng to length 
and width, such as between 0.05 to 35 for example between 0.09 to 30 cm, 
preferable between 0.1 lo 25 cm. more preferable between 0.2 to 23 cm, further 
preferable between 0.3 to 19 cm, yet further preferable between 0.4 to 17 cm, most 

25 preferable between 0.5 to 1 5 cm. Other preferred sizes of the surface dimension of 
a medical device may be between 0.6 lo d cm according to length and width, such 
as between 0.5 to 7 cm, for example between 0.5 to 6 cm, preferable between 0.5 to 
5 cm, more preferable between 0.5 to 4 cm, further preferable between 0.5 to 3 cm, 
yet further preferable between 0.5 to 2 cm, most preferable between 0.5 to 1 cm. 



30 



The surface dimension according to length and Width of layers of fabric In a medical 
device as described herein may be substantially equal, equal or different from the 
suri^ace dimension of the medical device. Prefen^d is a siza where any surplus of 
fabric Is removed followed manufacture of the medical device. 
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To enclose one or more rrdays with fabrics, the size of fabric according to the 
surface dimensions iength and width may be the same as for the inlay, substantially 
the same as for the inlay or somewhat larger than the inlay. One or more inlays may 
be enclosed by two or more layers of fabric. Said layers of fabric may have surface 
dimensions acQusted to cover ail the Inlays, although the Inl^ may have distance 
between each other. Two or more Inlays of a device moy or may not be positioned in 
between the same two layers of iiabria 

The surface dimension acoordirig to length and width of layers of film In a medical 
device as described herein may be substanlially equal, equal ordHfarant from the 
surface dimension of the medical device. Preferred is a size where any sunslus of 
fabric is removed followed manufacbire of the medical device. 

The surface dimension accordlr^ to length and width of layers of core In a medical 
device as described herein may be substantially equal, equal or different from the 
surface dimension of the medical device. Prefen^ is a sl^ substantially equal to 
the surface dimension of the medical device. 

The surface dimension according to length and width of layers of Inlay in a medical 
device as descrltjed herein may be substantfaliy equal, equal or different from the * 
surface dimension of the medical device. Preferred is a size where the inlay Is 
smaller than the surface dvnenslon of the manufactured medical device. 

To inciBase the strength of the polymeric product, the layers of fabric may be tumed 
according to each other, hereby the fibres of the different layers of fabric fs 
posilioned into different directions. The fabric may be tumed between about 0 to 
about 90 degree, such as between 10 and ao degree, preferred is between 20 and 
70 degree, more preferred Is between 30 and 60 degree, further prefenred Is 
between 38 and 52 d^rae, yet further preferred is between 42 and 48 degree, most 
prefenred about 45 degree in relation to the fonner and/or next layer of ^bric. 

Mettiod for preparation 

Polymers may be prepared by methods known to the person sklRed in the art. 
Chemical catalysis, thermal induction or photo induction are anecdotal non-llmiting 
examples of methods of preparing the polymers. 
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The polymeric product Is prepared according to the descriptions above by 
connecting the stacked polymer layers by heating. The heating temperature fs 
selected beloiv the melting temperature of the fibre crystallites In order not to loose 
the crystalDntty of the polyethylene fibres and to a level where the fibres of the 
fabrics are not melted, destroyed or damaged, ie. l>elow 250 degree C, and above 
the melting temperature of the polyethylene plastomer, ie. In the range between ao 
and 250 degree Celclus. such as between 90 and 240 degree Celdus. preferable 
between 100 and 230 degree Celdus, mora prefeiable between 110 and 220 
degree Celclus, further preferable between 120 and 210 degree Celdus. yet further 
preferable between 130 and 200 degree Celdus, most preferable between 140 and 
190 degree Celdus. 
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In an embodiment the heating temperature Is between 90 and 200 degree Celdus, 
such as between 95 and 195 degree Ceicius. preferable between 100 and 190 
degree Celdus, more preferable between 1 05 and 185 degree Celdus, further 
preferable between 1 10 and 180 degree Celdus, yet further preferable between 1 1 5 
and 1 75 degree Celdus, most preferable between 120 and 170 degree Celdus. - 

in a further embodiment the heating temperature fs between 90 and 180 degree 
Celdus. such as between 95 and 170 degree Celdus, preferable between 100 and 
160 degree Celdus, more preferable between 105 and 156 degree Celdus. further 
preferable between 110 and 150 degree Celdus, yet further preferable between 115 
and 145 degree Celdus, most pn^erable between 120 and 140 degree Celdus 

When heated the short chain polymers of the core or the film or the Inlay penetrate 
into the fibres or filaments or strands of the fabrics, and hereby slick or bond the 
polymer layers to each other. In a prefienred embodiment the temperature is selected 
to a level where the main part of the fabrics Is not melted, but a thin layer 
constituting a low number of polymer chains or fibres of the outer part of the 
outenmost fabrics of the polymeric product is melted. The heating process may be 
provided In vacuum and under pressure. 



35 



In a further prefen-ed embodiment the temperature is selected to a level where the 
pertormances of the reinforcement fibres are not damaged. 
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The polymer product comprising stratified polymer layers as described above, which 
has been subjected to the heating process, may be stored at room temperature until 
use. The polymeric product is preferable capable of being stored for long periods of 
5 time, such as several years. Stonng Is performed in dry conditions at room 

temperature and In dailuiess or at least without direct sunshine to the product Dry 
oondlttons may be hurrOdity of about 10-90 %. 

Shaping the medical device 

10 In the heating process described previously or following a storage period of the 

fused polymer leyers, the potymeric product comprising the polymer layers may be 
subjected to vacuum and may simiittaneousiy be pushed or pressed into a mould to 
forni the polymeric product The vacuum process prevents the formation of bubbles 
and protects the polymer from oxidative degradation. 

15 

The vacuum of the method described above may be below 500 mbar» preferable *' 
below 300 mbar. more preferable below 100 mbar, further preferable below 50 
mbar, yet further preferable t>efow 10 mbar, most prefer^le below 1 mbar. 

20 To secure the desired shape of a device, the pressure of the device In the shaping 
process may be malnlained until the pblymer product is cooled preferable to room 
temperature. This oooQng under pressure secure a consolidation of the product 

The pressure in the process described above is a pressure high enough to press the 
25 product Into a mould, the pressure may be a low pressure peifbrmed for a long 
period or a high pressure perfomied for a short period, or a pressure In between- 
Low pressure In this context is the pressure just enough to press the product into a 
mould. 

30 The shape of the pressed polymer product may bo any possible figure In each 
dimension where the shape may constitute a suri'ace being fiat curved, waved, 
undulated, bent bowed, croolced, while the overalf shape of the device may be but 
is not limited to circular, oval, triangle, squared, rectangle, cubed, bowl, cup. crown, 
cap, basin, heart egg, kidney, figure of eight, prefen-ed shape is cup or 

35 hemispherical. The thickness of the device may also vary. 
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The polymer product pressed Into a shape as described above, may be stored at 
room temperature for long periods of time, such as several years. 

In an embodbnent the polymerto product may be produced with one or more 
apertures, holes, gaps, perforations or hollows. Said apertures etc. may constitute 
an Improved attachment and/or optimise the function of the device. The Improved 
attachment may be obtained VMthout further performanoe as the apertures may 
constitute a shape of the device In a way that the de^ce better fit Into the location of 
the bo6y. The apertures can also be utilised to festen the device within the body. 

Fastening methods are known to persons Mlled In the art and are hereby 
incorporated. 

The apertures etc. may be created simultaneously wi^ the shaping of the polyn^eric 
product, hereby the mould tias points, tips or peaks, which create the apertures In 
the polymeric product Another method of producing apertures eta Is to make a hole 
by a drill or another boring, cutting or pressing apparatus. Followed the formation of 
apertures etc. by drilling, cutting or pressing holes, the edge of the apertures on the 
polymeric device may'be ctosed. 

To the polymeric material may ba attached a component, said component being 
polymeric or norvpolymeric. Ttie attachment may constitute part of a prosthesis or 
provide an anchorage point 

In an embodiment the rim of the device may be treated to fix loose ends of fibre or 
strands. The rim may be closed by sewing or by fastening a polymer ring or a metal 
ring. When using a ring to ctoee the rim of the device, said ring may be 0.5-^ mm 
thick, pref^n^d is 3 mm. 

Befora closing the rim, contrast bails may be placed within the device. The contrast 
bails which can be graeii, can be placed in small holes drilled in the device. 
Fastening the ring to the device as mentioned above closes the holes. The number 
of contrast balls are opttonal. In a cup device 3-10 contrast balls may ba utilised, 7 
contrast balls is preferred. 
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nnlshing treatmsnt of a medical dsvlea 

The present invention m particular relates to material fonnulations intended to maet 
the apeefneatlons of durabiny, blo^»mpatibiB^. and strength. These properties are 
olrtalrrable by treating polymer materials, such as polyethylene, poiypiapylene or 
polyvinylpyrrolidone or combinations and co^jolymers thereof as well as precursor 
materials for polymerfsatioa wilfi high-energy electrons, gamma rays, photons, mi- 
crowaves, ion Implantation, plasma treatment, annealing. Ihennai radiation or an- 
other radiation to obtain ideal durability and bioKsmpatibiliiy of the new, modified 
material. Treatment of the above-mentioned materials with radiation leads to cross- 
Hnking of polymers and thereby generating new, modified matertels. Prefeiably. the 
polymer material is a crass-Onked polyathylene or polypropylene matertal. Moi^ 
preferably the polymer nhaterial te a cros&linked polyethylene maleriaL 

. . The properties of the materials to be obtained by the cross-linking process are pref- 
erably resistance to tear and wsan and good oompressibinty. 

In order to increase stability of the" medkal polymeric device the polymers of the 
shaped polymer product may be subjected to further treatment, such as cross Ifrik- , 

ing. In a preferred ambodlment the cross llnWng treatmertis conducted In order to 
cross link only a frection of cross linkable polymers fci the product. Accordingly, the 
products may be cross-finked by radiation, the cross-linking of the polymers may 
also be done by other methods known to the person skHled in the art. SaM radiation 
nnay be but is not limited to higlvenergy electrons, gamma rays, photons, and ml- 
crowaves. Cross binding the. polymers Improve the strength or the producL A pre- 
ferred radiatior) process is cross-Hnklng of fibres using treatment with accelerated 
electrons. As the cross-finking process fakes place in the amorphous polyethylene 
regions, the opttmai dose will depend on the ftacdon of amorphous polyethylene In 
the final device. The optimal radiation dose is close to the gelatkm dose of polyeth- 
ylene and thus lie between 10-10.000 kQy (o.l and 100 Mrad). preferred is between 
10 and 300 kGy, most prBtsrred Is 200 kGy. 

The radlatton can ba performed in one unlntermpted treatment, where the complete 
dose of radiation Is given to the material. The radiation process may also be per- 
Ibrmed in pulsing or intemjpting treatments, where the total dose of radiation is 
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given in 2-15 shorter with an Interval of 1 to 60 minuto. Prefeired Is 25 kGy given 
eight times wHh ID mln Intentjptlon between each radiation treatment (total 200 
kGy). 
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The ladlatlon may to perfomied for the entire product or de^ce or only part of the 
product or device is radiated t)y using a shield or soeen t)etween the Irradiation 
source. 

When using radialkm, the radlatton process described may be followed by 
annealing. The purpose of annealing Is to ellmlnala long llvli^ free radicals by a 
heat treatment of 80*C for about 1-12 houis fn vacuum. 

Typically, a device Is prepared by a process comprising of the fbllowfrig steps: 

• The device is fonmed under vacuum b/presslng the laminated polymers In a 
mould of spectned dimensions* The polymer Is chosen fiTom the above mentioned 
polymers. 

• After hardening the material as formed, or atter swelling m a sidtable solvent, the 
device may be subjected to high-energy electrons, gamma rays or another radia- 
tion In order to create cross-linking which wUI modlly the mechanical properties of 
the material to meet the pr^erred specifications. 

• Finally, eventually after removal of the swelling solvent, the surface of the mate- 
rial may be treated to achfeve good siffface properties as described elsewhere. 

Surfiioe coating 

The surface of the device can subsequently be treated to modify surface properties 
such as wetUng ability and/or blooompatibiilly. This surface treatment can be per- 
fbrnied by plasma treatment, chemical grafting or by a combination of plasma po- 
lymerisation and chemical grafting. The material contacting with the biological sur- 
faces may be snoooth. biocompatible, preferably self-lubricating, and tt should be 
wear-resfetant so that powder generated due to wear Is avoided In that this could 
otherwise result In foreign matter reactions and cause further trouble to the funcUon 
of the part of organism where the medical device Is located. 
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Furthermore, the surface material should preferably be a material or a combination 
of materials hav&ig self-repalrUig properties so that ftssures, cracks or other ruptures 
on the surface do not exceed uncontrollable levels. However, the surface material Is 
preferably continuous vM\ the material of the rest of the device, e.g. the material 
5 may gradually merge Into the material of the febffc. fDm or core of the device. In this 
oonlext continuous means that the surface material can not be pulled away from the 
materiel beneath. 

The surface of the material may be chemically treated eo as to soften, rigidity or 
10 lubricate the surface of the device or parts thereof. The surface of the material may 
be coated so that the coating confers these properties, or may be treated so as to 
chemically alter the surface of the device so as to confer any of these properties. 
Altematively, certain polymer surfaces may be modified by means of thermal or 
photolyOc energy. 

15 

Without being bound by theory it is also believed that a watted surface reduces the 
risk of having the immune system reoognlstng the device when implanted, which - 
would othenylse lead to adverse effects of the device. 

20 In one embodlnrtent the surface of the device Is coated by a plaenna polymerisation, « 
using low-power plasma equipment. The mormners used for the plasma polymer!- 
satlon are any monomer forming a hydrophOlc polymer by plasma poiymerisation. 
Preferred are monomers forming polyvinyipyrrolidone and pdy-ethylene-glycoi like 
polymers, most preferred is 1-v!nyl-2-pyrrolldlnone. 

25 

The surface coating performed as described above has a thickness of 1 to 700 nm, 
such as between 10 and 500 nm, preferable between 20 and 400 nm, more prefer- 
able between 30 and 300 nm, further preferable between 40 and 200 nm, yet further 
preferable between 50 and 100 nm, most preferable between 60 and 90 nm. 

30 

in another embodiment the surface coating performed as descrlt^ed above has a 
tMckness of 1 nm to 5,000 nm, such as between 5 and 2,500 nm, preferable be- 
tween 10 and 1000 nm, more preferable between 30 and 500 nm, further preferable 
between 40 and 400 nm, yet further preferable between 45 and 300 nm, most praf* 
35 erable tietween 50 and 250 nm. 
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Plasma is Ionised ^as. In a artificial plasma to be usod for plasma treatment and 
plasma poiymerfsatlon the oonoantratlon of ionised species is 0.1-10 ppm. Two 
phases exists in artifidar plasma: A gas-phase comprising an energi conesponding 
5 to the surrounding tempeFature, usually room temperature. In A plasma-phase Ions 
end electrons have an energi at approximately 2-10 eV. 

The artffidal plasma is established by e)qposlng a gas wHh electric fieTd. The pres- 
sure of the gas ie often 0.01 -1 mbar. The electric voltage utilised is dependent of 
1 0 different features such as the pressure , the composUion of the gas. electrode oorv 
figuration* the size of the polymerisation chamber, and frequencies of the eiectricity. 
The voltage Is typically 200^1 D,O0OV. 

in a preferiBd embodiment of the plasma polymerisation 1-vlnyl-2«pyrro!idInone (VP) 
15 is polymerised to polyvinylpyrrolidone (P VP) In a plasma with low energi. The 

plasma fundions as an initiator for the polymerisation by formation of-radicals in the 
surface of the element to be coated. From the radicals the pdymerisation process 
takes place where monomers of VP polymerise to PVP» A low energy is necessary 
not to destroy the monomer VP in the gas-phase as well as the polymerised PVP. In 
20 a prefenBd.embodlnient the energy Is 0.1-1 W/L 

In the plasma polymerisation treatment a cantor gas fs used, preferred is an inert 
gas, such as argon or helium. 

25 The diamber for performing the plasma treatment is consMcted to perform a 

homogeneous surface coating of the device by the plasma polymerisation process. 



30 



The eurfece coated polymeric product is sterilised by radiation or by heating. The 
radiation can be but b not limited to high-energy electrons, gamma rays, photons, 
microwaves. 



The polymeric product may by cross-llnlced and sterilised simultaneously by treating 
with Ionizing radiation or by heating. Preferred is cross-linlung by radiatton. 
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Mechanical properties 

The structure of the material of a device may oomprisa a layered or laminated 
structure, a core of one material or one or more interposed layers with different 
properties enabling an overall function of the devise suitable for providing a spacer 
5 function and/or 1o exert pressure distribution of Joints and/or to provide at least part 
of the sliding/rotating movement of joints by internal movement of the devioe, or 
relevant part of the device. However, it is preferred that the material itself does not 
comprise Interposed layers resulting in sliding between the layens and therein tear 
on the mating surfaces within the devioe. Accordingly, the body of the device should 
10 be one continuous s61kt or sem^-solid material. 

Mechanical properties for certain relevant polymers are described by Szycher {Szy- 
cher, M. (editor), sponsored by SPE, Society of Plastics Engineers, Ina 8looompatl- 
ble Polymers, Metals, and Compo^tes. pp. 725-727, 757-61). 

15 *. 
Mechanical properties of po^mers a7B controlled by the elastic parameters, the 
three moduli: elastic, shear, and compressive moduli. These parameten^ are theo- ' 
retlcaliy Inten^tated. A modulus is the ratio between the applied stress and the cor- 
responding deformation. The reciprocals of the ntoduli are called compliancies. The - 

20 three elastic moduli have the dimension: force per unit area, {Nitrf or Pa). Polymers 
are not nomiaUy Ideal elastic bodies, but under load they show (time dependant) 
viscoelastic properties. By taking the load into consideration, the properties should 
be viewed according to this dilemma. Also, ideal elastic properties and ultimate 
properties, are influenced by the viscoelastic properiles. 

25 

Ultimate tensile strength is a measure of the stress required to cause the material to 
rupture in tension. Ultimate eloi^ation is the percent stretch of the material t^efore it 
ruptures in tension. Elongation (%) Is measured as 

30 Elongation (percent) = Sp^Sj x 1 00 



where $b s observed distance between bench marJ<s of the stretched specimen at 
rupture, and So ? the original distance between bench marics. 

35 
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Table 1 - Elastic parameters and their definitions 



t 



Elementary mode of 


Elastic parameter 


Symbol 


deformation 






Isotropic (hydrostatic) 


Bulk modulus 


K 


compression 


bulk compliance or com- 


K 




pressibility 


(K=1/K) 


Simple shear 


Shear modulus or rigidity 


G 




Shear compliance 




Uniaxial extension 


Tensile modulus or 


E 




Young's modulus 






Tensile compliance 




Any 


Poisson ratio 


V 



• 



Symbol 


Definition 


K 


HYdrP9tatl<? Pressure » o . pVg 




Volume change per unit volume AVA/q AV 


K (K=1/K) 


reciprocal of foregoing 


G 


Shearforceoer unit area » F/i4 » t . -c 




Shear per unit distance between shearing surl^oes tanr tany y 




reciprocal of foregoing 


E 


Force oer unit cross-sectional area - - a . F/A 




Strain per length tn(lAo) s ALAo 


5(5= 1/£) 


redpracal of foregoing ( strain/^trass) 


V 


Chanae In width oer unit width « lateral contraction 




Change in length per unit length axis strain 



5 Examples of ranges of the mechanical properties of the device are mentioned be- 
low. However, It should be contemplated that not ail of the following characteristics 
may be fulfilled by the material of the prosthetic device since, as explained above, 
the numerous properties of the material are theoretically interrelated. Acoordingly, 
conflict In ftilfilling all parametere within the stated ranges may occur. 
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fn one embodiment the prosthetic device according to the invention is e device 
wherein the materrai of the device or at feast the part of the device which exerts the 
pressure distribution and/or the part which exerts the sliding/rotating movement In 
the joint when the joint is loaded has/have one or more of the following proper- 
5 tles(under biological conditione (37*^0, phyGiorogicat eafinity)): A compressive 

modulus (K) of at least 2000 MPa. a shear modulus (Q) of at least 1 MPa and an 
elastic module (E) of at least 10 MPa. 

Furthermore, certain requirements to the material under stress with forces that ulti- 
10 mately leads to disintegration can be expressed. Based on the etastidty parameters 
for the materia}, the properties of the material with respect to pressure, etongatlon, 
torsion and displacement in the range where the material responds elastic can be 
estimated. The ultimate limits should preferably be witMn ± 20% of the range of 
elastic response. As a consequence thereof, the limits for the ultimate properties 
1 5 (ultimata compression strength, tensile strength, torsional strength, shearing 

strength) can be derived. Furthenmore, the material should have an "ultimate per* - 
centage elongaUon" of at least 20%. 

The materials according to the invention may be a "quasi elastic' materia). Y. Shiki- ' 
20 nami and H. f^arada» Biomaterials 1 9, 1 99d« pp. 61 7-635, discuss that many ma- 
terials of biological origh, has a J-form In a stress vs strain curve, whereas may 
synthetic materials has an S-fonm. 

Preferably, the critical surtece tension (rc) values should be within the "zone of b!o- 
25 oompatiblliV* corresponding to the range of about 20^ dynes/cm (as defined by 

Leiah M, D., Cooper, aL, Polyurethanes in Medicine- CRC Pre$s» Ina Boca Raton, 
Florida, pp. 59-62 and 92-93). 



30 

Additives 

A device constructed from the polymeric product may comprise biological active 
additives. Medication or biological active substances can be used as additive to the 
device to (acititate heating, minimise destruction or with other therapeuUc goals, 
35 such as pain relieve, antMnflammatlon, oncology treatments, stimulation of bone 
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growth, and/or anti-infectious agents. Also, biological osteogenic or chondrogenlc. 
chondral Inductive, and/or chondral conductive materials may be added to the de- 
vice. In particular patients suffering from osteoporosis or other bone degenerating 
conditions may benelit from having devices comprising osteogenic inductive materf- 
S als implanted. 

The medicafion or bioiogtcat active substances can be used as additive to the de- 
vice to facilitate celt growth, such as osteocytes, osteoblasts, chondroq/tas, chon- 
droblasts, mesendiynuif cells. Cartilage inducing factor may for example be the 
10 fedors described in US 4,774.322 and US 4.643.063. 

In another prefemed embodtment, additives such as lubricants, dyes, stabilizers and 
other process enhancing compounds are Incorporated into the polymeric mixture. 
Such compounds may not necessarily enhance the strength or stmcturaf integrity of 
15 the final polymeric matrix, but do aid in .the manufacturing process or enhance the 
overall appearance of the finished article. Examples of ttiese compounds may be * 
long chain fatty adds and their salts, organic and Inorganic coloring agents, free ' 
radical inhibitors, pl-l buffering agents and other materials known to enhance proo- 
, easing of polymers within the polymer Industry. 

20 

in another preferred embodiment of the present invention, solid materials may be 
incorporated into the polymer or resin mixtures. Such solid materials may be, for 
example, chopped cart>on or glass fiber or nanotubes. carbon blacic, gmphite pow- 
der, talc, mica, pdyamlde fiber and otiier fillers commonly used in the polymer In- 
25 dustry. As is known in the polymer industry, such fillers may be advantageously 
added to a polymer matrix for the purposes of enhancing strength, durability, bulk 
density, machlneablity of the resulting polymeric article. Of. course the above list is 
not exhaustive and other uses of the fillers may also be contemplated. 

30 Devices 

One preferred device produced of the polymeric product desi^bed herein may be a 
substitution for cartilage. Said cartilage substitution may replace damaged cartilage 
between intact bones^ or it may t>e part of a medical prostt^esis comprising cartilage 
substitution. 

35 
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A device produced of the polymerfc product itself can be used as a growth medium 
and/or network for the natural or artMclal ceHs, such as chondrocytes. 

A device made from the potymeric product described above is capable of being 
5 fonned to suit into parts of the organism as described elsewhere herein. Especially 
the device is suitable to be used In animals, such as mammals and human beings, 
preferred is human beings. The animals, to which the medical device may be util- 
ised, may be selected from the group of mammals, such as but not limited to horses, 
dogs, cats, cows and monkeys. 

10 

In one embodiment the device is especially constnicted to be utflised to support, 
how, sustain, bear, cany, replace or displace any constitution within the mammatian 
body, whk:h comprises high shape stability and good wearabilily. 

• .15 The polymeric product is adapted not to interfere with intia-articular or other compo- • 
nents when the device is In the body of a human. 

The polymeric product as medical device may be but la not limited to be used as * 
joint spacer implant in jants of knees, hip, shoulders, fingeis, wrist, elbow, spine. • 
20 neck, loin, toes and ankles. Especially the devices are used In diseased patiente • • 
with osteoarthrftic degeneration of Joints. The Implants with a smooth articulating 
surface oppose the diseased and degenerated cartilage Joint facet, which is ex- 
pected to lead to reduced force and stresses and improved mobility In the joint with 
consequent reduced pain and improved functional capacity of thai joint. 

26 

Moreover. non-Interference of the Intra-artlcular components may be achieved by a 
hole which runs through the body of the device; that Is to say the device may com- 
prise a hole through which Intra-artlcular components may pass. When k>ading the 
device, the slils may serve to pass intra-articular components through the body of 
30 the device. The slits in this embodiment run from the periphery of the body of the 
device to the hole through which the Intraarticular components pass after the device 
is Implanted or loaded. 

Typically, and to at least some extent, the device rs adapted in its structure and/or 
35 material composition to alleviate conditions associated with worn cartflage by pro- 
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viding a spacer fimctton and/or to exert pressure distribution In the Joint when the 
Joint Is loaded and/or to provide at feast part of the sliding/rotating movement of the 
leant by internal movement of at least part of the device. 

5 It is also an object of ttie present Invention to provide a method for norv-lnvaslve 
locking of a device within a joint in addition, the mefliod is independent of use of 
cement or bony ingrowth of the device. 

The device may oompieteiy or subsiantialiy completely surrounds an Intra-erticuiar 
1 0 component or other components of the organism. 

A device made firom the polymeric product described ak>ove is capable of being 
Ibnrned to suit any joint cavity of animals or human beings, therefore the (ievloe may 
for example be formed to fit into any one of the following Joints: IHIp Joint, knee Joint. 
15 ankie Joints, shoulder joint, elbow Joints, wrist, fingers, spinal column Joints, such as • 
for subs6tuting intervertebral discs, and the Jaw Joint 

The medical device may constitute the surface of a prosthetic device. It may be the • 
entire surface or part of the surface of a prosthetic device Also the device may con- 
. 20 ' stitute a complete or part of a hip endo^irosthesis, or it may be a breast prosthesis, • 
a stent, a catheter, a heart valve or cartilage substitution. 

Generally, the Invention comprises the polymeric product as described above from 
which diffenant medical devices may be manutetured, also the method of producing 
25 said polymeric product and medical devices is enclosed within the inventton. 

Enclosed is methods of producing a polymeric product and medk:al devices as 
described above, as well as any combination of the features described for said 
polymerio product and said medical devices. 

30 Another aspectof the invention is a method for produdng a polymeric product, sakj 
method comprising obtaining a number of at least three polymer layers, and 
posilloning the polymer layers In a sandwich composition, forming the sandwich 
composiiion of polymer layers by healing said composition followed by pressing it 
into a mould, where the heating and pressing processes are conducted in vacuum, 

35 and providing the polymeric product in a desired shape. 
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In the method for producing a polymeric product wher^n the polymeric product is as 
described above, at least three polymer layers Is utilised, these polymer layers 
constitute a oore with at least one layer of f^rlc on each side, where the cofs differs 
In constitution from the fiabrtcs, preferred Is the method for producing a potyme/ic 
product where the ^brics at the different sides of the oore have equal constitutions. 

The method for produdi^ a polymeric product comprfse two or more layers of 
fabrics, where said two ore more layers of fabrics have a film of a polymer layer in 
between each fabrfa 

In the method for producing a polymeric product the core and the film have sihnlar 
composition except for the thidcness of the polymer layer. The thickness of the 
polymer layers is as described above, in a preferred embodiment the film Is between 
•0.01 and 2 mm thick, and the core is between 0.1 and 10 mm thick. * 

In an embodiment the method for producing a polymeilc produd comprises fabric* 
film and core where the structure of the fabric are cc^posed of long polymer t!t>re. 
and the core and film are composed of short chain polymers. These polymer fibre • • 
can be selected among polyethylene (PE), polypropylene (PP) and 
polyvinylpyrrolidone (PVP). Most preferable is polyethylene (PE). The long polymer 
fibre are ultra high molecule w^ght polyethylene (UiHMWPE) fibre and the short 
chain polymers may branched. 

In an embodiment the method for producing a polymeric product comprises fabric 
which Is manufactured e.g. woven Into a shape or fbrni suitable for the shape of the 
polymeric product. Said febric consist of UHMWPE fibres which in the interseds are 
positioned in fonmeriy descrtties. preferred is In angles of about 90 degree. 

In an embodiment the method for producing a polymeric product comprises fabric 
which has high tensHe strength and high wearablilly, and a core which absorbs 
sliocks, pushes and strokes. 

The method for producing a polymeric product comprises arranging the polymer 
layers In the order of fabric, fHm and core in accordance to the description above. 
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The most preferred oonstifutions are Uefed above. The potymer Idyars are heated, 
and under vacuum the polymeric product is pressed In to a mould. The device, 
which (s formed, (s treated by Ionising radiation, (o further cross binding the poly> 
mers and thereby Improving the strength of the product. The product le further sub- 
jected to annealing to ensure all linking has appeared. 

In an embodiment the method for producing a polymeric product comprises surface 
coating of the annealed polymeric product and further the polymeric product Is sler- 
Olsed by ionising radiatioft or by heating. 

In another emt)Odiment the method for producing a polymeric product comprises 
annealing the polymeric product before it Is subjected to surfaoe coating. 

In a further embodiment the method for producing a polymeric product comprises 
. simultaneously cross-Gnking and sterilisation of the polymeric product by treating • • 
with Ionising radiation or by heating. 

m an embodiment the method for producing a polymeric product comprises surface ' 
• coating of the potymeric product, as Ibrmerfy described. • 

in a preferred embodiment the method for producing a polymeric product comprises 
production of the polymeric product where the shape and size of the potymeric 
product can t>e any possible to produce by pressing into to a mould, said mould 
forming a polynrieric product whk:h can be flat or round or in fcsetween and where the 
three-dimensional shape can be any pos^bie fomr^ by pressing into a mould. 

The polymeilc product can be utilised to produce a prosthetic device comprising 
polymer layers, the order of the polymer layers, and the method of production of the 
polymerfc product as described above. 

Prefenred is a method of producing a prosthetic device of three polymer layers, 
which constitute a core with at least one layer of fabric on each side. Another 
preferred constitution is a core which at each side has two layers of fabric with a film 
In between. A further preferred constitution Is a film between two layers of fabric. 
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In a preferablB embodiment of the method the proslhette device stb produced from 
polymer layers composed of a polymer sete<^d among polyethylene (PE), polypro- 
pylene (PP) and polyvinylpyrrolidone (PVP). Most prsferable Is a prosthetic device 
wherein the polymer layers are composed of polyethylene (PE). 

5 

In a further preferable embodiment of the method the prosthetic device are com- 
posed of fabrics of long polymer fibre, which preferable are ultra high molecule 
weight polyethylene (UHMWPE) fibre or other polyethylene fibre as previouety de- 
scribed, whereas the core and the film are composed of short chain polymers, the 
1 0 short chain polymers may be branched. 

The fabric is of medical grade and Is woven Into a shape suitable for the shape of 
the polymeric product. The shaping and physical characteristics Is detennlned by 
the arrangement of the UHMWPE fibres, said fibres can have intersects in angles as 
16 . described formerfy. . * . 

In a preferred embodiment the prosthetic device has a high tensile ^ngth and a 
high wearabillty due to the properties of the fabrics, whereas the core absorbs 
shocks, pushes and strokee. 

20 

The polymeric constitution of the prosthetic device Is obtained In accordance to the 
details given above where the polymer layers are heated, sutjected to vacuum and 
pressed Into shape in a mould, and further treated as described above. 

25 Examples 

Example 1 

The cup-shaped medical device constructed as a three layered device comprising 
fabric-film-fabric can be tested according to wear properties using a Standard Guide 
30 for Gravimetric Wear Assessment of Prosthetic Hip^Oesigns In Simulator Devices, 
ASTM intematlonal Designation F1714-96 {Reapproved 2002). The ASTM 
Designation describes a laboratory method using a weight<kiss technk)ue for 
evaluating the wear properties of materials or devices, or both, which are being 
considered for use as bearing surfaces of humarvhip-joint replacement prostheses. 
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The hfp prostheses are evaluated In a device fntended to sfmulate the tribologlcal 
conditions encountered in the human hip Joint. 

in this example a test niachine 'Seoo tnstron System' has been used. 

Results: Following simulation where the device has been treated by 1,000,000 
movements of a 100 1^ person, no debris of the matereil has been observed. 

Example 2 

Knee Joint 

The artificial polymer composite Intraarticular Implant with improved surface friction 
modalities should be bipolar v^th femoral component covering the cartilage area of 
the medial and lateral femoral condyles, and sdjustments and alignment according 
to crucuate ligaments should t>e performed. 

The thickness is between 2 to 4 mm. The shape mimics the articular surfiace/flance 
of conventional total knee arthroplasties. 

The tibia! component is constructed In same materia! as above, and the shape and 
contour follows the meniscus including the central joint area. The implant is 
connected with an anterior bridge In front of the attachment of the anterior cruciate 
ligaments attachment on tibia. 

Both components are unconstrained to each other and unconstrained to the fismoral 
and tibial parts of the human Joint 

The fixation or stability of the implant Is dependent on macrostructure of the bony 
parts and the Joint capsule. The stifness of the implant secures no role up 
phenomenon of each implant component. 

Example 3 
Ankle Joint 

The artificial polymer ankle Joint spacer Implant consists of a material ck)se to that 
mentioned in the example of knee joint 



44 





ll/ia 2002 X7:48 FAX 



PVS 




5 



10 



15 



• 20 



The Implant Is monopolar and its extension coResponds to the cartiiage area of the 
talar bone of the ankle Joint. The thickness is between 2 to 4 mm. 

The rim of tiie implant possess a softer rim. holds the implant durmg kiading and 
flesion and extension. 

Example 4 
Shoulder Joint. 

The artificial polymer shoulder spacer Implant consist of a material close to that 
mentioned in the example of knee Joint 

Tlie implant is monopolar and its exiension conesponds to ihe cartilage area of the 
glenoid cavltats of the shoulder Joint plus some extension which may be 0.5 to 3 cm, 
which articulates with the cartilage area of the head of humems. The thickness is' 
between 2 to 4 mm. The implant win be excavated superiorly according to the 
tendon of the long biceps muscle, and it should respect the rotator cuff, accordingly. 

The rim of the implant possess a softer rim, holds the implant during k>ading and 
flexton and extension, abductton, Inner and outer rotatton. 
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A polymeric product 
Claims 

1 . A medical device comprising a bio-oompatible polymeric product wHh a layered 
5 structure comprising 

• at least one upper layer of a first polymeric component, 

• a middle layer of a second polymeric component, and 

• at least one lower layer of a third polymeric component, 

wtiereln the chain length of the first polymeric component and the third polymeric 
1 0 component Is longer than the chain length of tne second polymeric component. 

2. The medical device according to claim 1 , wherein the first polymeric component 
and the third polymeric component is above 100 monomer units, such as above 
1000 monomers units, for example above 10000 monomer units, preferable 

16 * above 20000 monomer units, more preferable above 30000 monomer units, 
further preferable above 40000 monomer units, yet further preferable above 
50000 monomer ui^s, most preferable above 60000 mononoer units. 

3. The nnedical device according to any of the claims 1-2, wherein the first poly- 
20 ' meric component is selected from polyacrylates, polystyrene, polyethers, 

potytetrafluorefhyiene, polyvlnylalcohol, polyethylene, polypropylene, polyethyl- 
» oxides and polyvlnytpynclidon. 



4. The medical device according to any of the preceding claims, wher^n the seo- 
25 end polymeric component is selected from polyacrylates, polystyrene, polyeth- 
ers, polytetrafluorethylene. poiyvinylalcohol, polyethylene, polypropylene, poly- 
ethylene oxides and polyvinylpyrrolidon. 

5. The medical device according to any of the preceding claims, wherein the third 
30 polymeric component is selected from polyacrylates. polystyrene, polyethers, 

polytetrafluorethylene, poiyvinylalcohol, polyethylene, polypropylene, polyethyl* 
ene oxides and potyvinylpyrroGdon. 
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6. The medical device according to ar^ of the preceding claims, wherein the first 
polymeric component and the thM polymeric component Is substantially 
identical. 

5 7. The medical device according to any of the preceding claims, wherein the 
polymeric components comprises a copolymer of polyethylene and/or 
polypropylene, preferable of polyethylene (PE). 

8. The medical device aoconfing to any of the preceding claims, wherein the first 
1 0 and thind polymeric components are composed of long polymer fibre, and the 

second polymeric component is a short chain polymer material. 

9. The medical device according to any of ttie preceding claims, wherein the first 
and third polymeric components are ultra high nrwiecule weight polyethylene 

15 (UHIWWPE) fibre. 

10. The medical device according to any of the preceding claims, wherein the at 
least one upper layer and the at least one lower layer each is composed of at 
least two layers of polymeric fabric constructed of said first and third polymeric 

20 components, and at least one layer of polymeric film, said polymeric film 

constitutes a layer between two layers of said polymeric fabrics. 

1 1 . The medical device according to claim 1 0, wherein the polymeric comportents 
the middle layer and the polymeric components of Vne film is substantially 

25 identical. , 

12. The medical device according to any of the claims 10-1 1, wherein the fabric is 
pnoduoed in a shape suitable for the shape of the medical product 

30 13. The medical device according to any of the claims 10-1 2, wherein said shape (rf 
the fabric Is constructed by weave, knit, crochet, plait, Interface, intertwine, 
interiock, link or unite the fibre In other ways, preferable the fabric Is woven or 
knitted. 
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14. The medfcal device aooofding to any of the preceding claims, wherein the 
UHMWPE fibres In the labrf c are crossing each other In intersects whic^ are 
positioned In angles of 1 to 179 degree, such as In angles of 80 to 100 degree, 
preferable In angles of about 00 degree. 

5 

15. The medical device according to any of the claims 10-14. wherein the first, 
second and third polymeric oomponenis are of mectical grade. 

16. The medical device accoidlng to dalm 1 5. wherein the ^rlc has a high tensile 
10 strengtti and a high wearabaity. 

17. The medical device according to dalm 18. wherein the tensile strength of a fibre 
or strand of the fabric is abovel .0 GPa. such as above 1.2 Gpa. preferable 
above 1.4 Gpa, more preferable above 1.6 Gpa, further preferable above 1.6 

15 Gpa, yet further preferable above 1 .9 Gpa, most preferable above 2.0 Gpa, 

1 8. The medical device according to any of the preceding claims, wherefri the 
polymers of the second polymeric component are short chain polymeric material 

. which may be branched. 
20 • • 

19. The medical device according to any of the claims 10-18, wherein the film Is 
between 0.001 end 5 mm thick, such as between 0.01 and 5 mm. preferable 
between 0.1 and 4 mm. more preferable between 0.2 and 3 mm. further 
preferable between 0.3 and 2 mm, yet further preferable between 0.4 and 1.5 

25 mm, most preferable between 0.5 and 1 mm. 

20. The medical device according to any of the preceding claims, wherein the 
middle layer may be a core, a film or an inlay. 

30 21 . The medical device according to any of the claims 20, wherein the core is 
between 0.1 and 30 mm thick, such as between 0.2 and 25 mm. preferable 
between 0.3 and 21 mm, more preferable between 0.4 end 17 mm. further 
preferable between 0,5 and 13 mm, yet further preferable between 0.6 and 10 
mm, most preferable between 0.7 and 7 mm. 

35 
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22. The medical device aocording to any of the preceding daims, wherein the 
polymer layers are connected by heating to a temperature between 80 and 250 
degree Celdus, such as between 90 and 240 degree Celcius, preferable 
between 100 and 230 degree Celclus. more preferable between 110 and 220 

5 degree Celclus, further preferable between 120 and 210 degree Celdus. yet 

further preferable between 130 and 200 degree Celcius, most preferable 
between 140 and IdO degree Celdus. 

23, The medical device according to daim 22. wherein the polymer layers In the 
10 conneding process further are subjeded to vacuum, such as a vacuum below 

500 mbar. preferable below 300 mbar, more preferable betow 100 mbar, further 
preferable below 50 mbar, yet further prefarable below 10 mbar, most preferable 
below 1 mt>ar. 

1 5 24. The medical device according to any of the dalms 22-23, wherein when heated 
the polymers of the core or the film or the inlay penetrate Into the UHMWPE 
fibres off the febrics, and hereby stick the polynier layers to each other. 

25. The medical device according to any of the daims 22-24. wherein ttie 

20 temperature is selected to a level where the fibre of the fabrics are not melted. 

26. The nrwdlcal device according to any of the claims 22-25, wherein the 
temperature is selected to a level where the main part of the fabrics is not 
melted, but a thin layer oonstituUng a low number of fibres of the outer part of the 

25 outermost fabrics of the polymeric product is melted. 

27. The medical device according to any of the preceding dalms. wherein the 
constitution of the polynteric product is: fabric - film - fabric. 

30 28. The medical device according to any of the preceding dalms, wherein the 
constitution of the polymeric product Is: fabric - core - fabric. 

29. The medical device acoortllng to dalm 28. wherein one further layer of film and 
fabric are positioned at each side of the mentioned polymeric product, hereby 
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the constiluffon of ttie polymerJc product become: tabric <- film - fabric - oore - 
fabric -film -fabric. 



30. The medical device according to claim 29, wherein one further layer of film and 
5 fabric are positioned at each side of the mentioned potymeric product hereby 

the constitution of the polymeric product become; fatvic — film - fabric - film - 
fabric - core - fabric - film - fabric - film - fabric 



31 . The medical device according to dalm 30. wherein one further layer of film and 
1 0 ^bric are positioned at each side of the mentioned potymeric product, hereby 

the constitution of ttie polymeric product become: fabric - fBm - fabric - film — 
fabric - film - fabric - core - febric - film - fabric - film - fabric - film - fabric. 

32. The medical device according to claim 31, wherein one further layer of film and 
1 5 . fabric are positioned at each side of the mentioned polymeric product, hereby 

the consaiuUon of the polymeric product become: fabric - film - fabric - film - 
fabric - Rim - fabric - film - fabric - core - fabric - film - fabric - film - fabric - 
film - fabric - film - fabric. 

20 33. The medical device according to any of claim 20-26. wherein the constitution of 
the polymeric product is: fabric - film - fabric - Inlay - fabric - film - fabric. 



34. The medical device according to any of the claims 26-33 wherein a number of 
film and fabric are positioned at one or both sides of the mentioned polymeric 

25 product in a way where film and fabric alternate In the polymeric product. 

35. The medical device acconiing to any of the claims 10-26 or 34 wherein the 
number of fabric and film In said upper layer and In said lower layer Is not equal. 

30 36. The medical device according to any of the daJms 20-26 or 35, wherein the 

number of core, film, inlay and fabrics is varied in different areas of the polymeric 
product 

37. The medical device according to any of the claims 15-26 or 34-36, wherein the 
35 number of fabric is between 1 and 1 00, such as between 2 and 50, for example 
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between 2 and 40. preferable between 2 and 35. more preferable behween 2 and 
30. further preferable between 2 and 25, yet further preferable between 2 and 
20, most preforaUe between 2 and 10. 

38. The medical device according to any of the daims 20-28 or 34-37, wherein the 
number of film is between 0 and 100, such as between 1 and 50. tor example 
between 1 and 40, preferable between 1 and 35, more preferable between 1 and 
30. further preferable between 1 and 25, yet further preferable between 1 and 
20, most preferable between 1 and 10. 



39. The medical device according to any of the dalms 20-26 or 34-38. wherein the 
number of core Is between 0 and 100, such as between 1 and 60, for example 
between 1 and 40, preferable between 1 and 35, more preferable between 1 and 
30, further preferable between 1 and 25. yet further preferable between 1 and 

15 20. most preferable between 1 and 10. 

40. The medical device according to any of the claims 20-26 or 34-39, wherein the 
number of Inlays Is between 0 and 50, such as between 1 and 40. for example 
between 1 and 30. preferable between 1 and 25. more preferable between 1 and 

20 20, further preferable between 1 and 16, yet further preferable between 1 and 

10, most preferable between 1 and 5. 

41. The medical device according to any of the claims 20-26 or 34-40, wherein the 
polymeric layers in areas or In the entire of some layers has a constitution where 

25 film and core or film and inlay are placed towards ea(^ other. 

42. The medical device according to any of the preceding claims, wherein the shape 
of the device, is any shape which can be formed by pressing Into a mould, said 
shape can constitute a surface which may be but Is not limits to flat, curved, 

30 waved, undulated, bent, bowed, crooked, whfle the overall shape of the device 

may be but Is not limited to circular, oval, squared, rectangle, cubed, bowl, cup. 
crown, cap, basin, preferred shape is cup or hemispherical. 
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60. The method according to any of the claims 57-59, wherein the at least one layer 
of fabric on each aide constUute two or more layers of fabrics, and said two or 
more layers of fabrics have a film of a pc^ymer layer or an polymeric inlay in 
between each fiabric. 

5 

61 . The method according to any of the claims 57-60, wherein the core and the fBm 
and the Inlay have been constructed by similar polymeric material 

62. The method according to any of the claims 56-61 , wherein the pofymer layers 
10 are composed of a polymer selected from polyacrylates. polystyrene, pdyethers, 

polytetrafluoxethylene, potyvlnylalcohol, polyethylene, polypropylene, 
polyethylene oxides and polyvinylpyrrofidon 

63. The method according to any of the claims 56-62« wherein the polymer layers 
15 are composed of a polymer selected among pdyethylene (PE), polypropylene 

(PP) and polyvinylpyrrolidone (PVP). 

64. The method according to any of the claims 56-63, wherein the polymer iayeis 
are composed of polyethylene (PE). 

20 

65. The method according to any of the claims 66-64, wherein the structure of the 
fatMlcs are composed of long polymer fibre, and the core and/or film and/or inlay 
are composed of short chain polymer material. 

25 66. The method according to any of the claims 56^5. wherein the first and third 
polymeric component comprises long polymer fibre which are ultra high 
molecule weight polyethylene (UHMWPE) fibre. 

67. The method according to any of the clafms 56-66, wherein the fabric Is woven 
30 into a shape suitable for the shape of the polymeric product 

6a. The method aoooniing to any of the claims 56-67. wherein the UHMWPE fibres 
of the fabric In the Intersects are positioned in angles of 1 to 179 degree, such 
as In anglee of ao to 100 degree, such as in angles of about 90 degree. 

35 
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43. The medical devtoe aooordlng to any of the preoedtng claims, wherein to the 
polymeric material Is attached a component, said component being polymeric or 
non-polymeria 

5 44. The medical device according to any of the preceding claims, wherein the device 
is supplied with one or more apertures, holes, gaps, perforations or hollows. 

45. The medical devfce according to any of the preceding claims, wherein the poly- 
meric product are adapted to be used as a medical device of the body of a 

10 mammal, such as a medical device or a prosthesis of the body of a human. 

46. The medical device according to any of the preceding claims, wherein the poly- 
meric product 1$ adapted not to Interfere with intna-articular components when 
the device Is In the body of a human. 



47. The medical device according to any of the preceding claims, wherein said de- 
vice is utilised to support, bear, canry, replace or displace any con^*tution within 
the human body, wtilch comprises high shape stability and good wearabifity. 

. 20 48. The medical device according to any of the preceding daims, wherein the device- 
completely or substantially complete^ surrounds an intraarticular component. 

49. The medical device according to any of the preceding claims, wherein the device 
is a hip endoprosthesis. 



50. The medical device according to any of the preceding claims, wherein the poly- 
meric product constitute the suiface of a prosthetic device, 

51 . The medical device according to any of the preceding daims, wherein the device 



52. The medical device according to any of the preceding daims, wherein the device 
is a breast prosthesis. 
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Is a cartilage substitution. 
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69. The method aocording to an/ of the dalms 67-68. wherein the fabric has high 
tensile strength and high wearat)!!!^. 

70. The method according to any of the claims 56-69, wherein the second polymeric 
5 connponent comprises short chain polymer ntaterial which are Iwanched. 



71 . The method according to any of the claims 57-70, wherein the film is between 
0.001 and 5 mm thick, such as between 0.01 and S mm. preferable between 0.1 
and 4 mm, more preferable between 0.2 end 3 mm. further preferable between 

1 0 0.3 and 2 mm, yet further preferable between 0.4 and 1 .5 mm, most preferable 

between 0.5 and 1 mm. 

72. The method aocording to any of the dalms 57-71. wherein the cor© Is between 
0.1 and 30 mm thick, such as between 0.2 and 25 mm, preferable between 0.3 
and 21 mm, more preferable between 0,4 and .17 mm, farther preferable 
between 0.5 and 13 mm, yet further preferable between 0.6 and 10 mm, most 
preferable between 0.7 and 7 mm. 

73. The method acconJing to any of the claims 67-72, wherein the core or the inlay 
absorbs shocks, pushes and strokes. 

74. The method according to any of the daims 66-73, wherein the healing is of a 
temperature between 80 and 250 degree Celdus. such as between 90 and 240 
degree Celdus. preferable between 100 and 230 degree Celdus, more 
preferable between 110 and 220 degree Celdus, further preferable between 120 
and 210 degree Celdus. yet further preferable between 130 and 200 degree 
Celdus, most preferable between 140 and 190 degree Celdus. 

75. The method according to any of the dalms 56-74, wherein the vacuum Is below 
30 800 mbar, such as a vacuum below 500 ml>ar, prsferable below 300 mbar, 

more preferable below 100 mbar, further preferable below 60 mbar, yet further 
praferetfsle below 10 mbar, most preferable below 1 mtiar. 

76. The method according to any of the dalms 56-75, wherein the shaped product is 
35 treated by radiation, to further cross binding the polymers and thereby improving 
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the strength of the product, said radiation may be but is not limited to hfgh- 
eneigy electrons, gamma rays, photons, microwaves. 

77. The method accordir^ to any of the claims 56*76, wherein the shaped product is 
further subjected to annealing fo ensure ail Gnfdng has appeared. 

78. The method according to claim 77, wherein the anneafed polymeric product is 
siibjeded to surface ooating. where the product is coated by pofyvinyipynroildone 
(PVP) by plasma polymerisation. 

79. The method according to claim 76. wherein the surface coated polymeric prod- 
uct Is sterilised tiy radiation or by heating, where the radiation can be but Is rwt 
limited to high-energy electrons, gamma rays, photons, microwaves. 

15 80. The method according to claim 75. wherein the shaped polymeric product is * 

subjected to surface coating, where the product is coated by polyvlnyf|pyrrQlidone 
(PVP) by plasma polymerisation. 

81. The method according to claim 60, wherein the surfece coated polymeric prod- 
20 uct Is crossllnked and sterilised sfmuilaneousiy by treating with ionizing radiation 

or by heating. 

82. The method according to any of the claims 78*81 , wherein the surface coating 
has a thickness of 1 to 700 nm. such as between 10 and 500 nm. preferable 

25 between 20 and 400 nm, more preferable between 30 and 300 nm, further pref- 

erable between 40 end 200 nm, yet further preferable between 50 and 100 nm. 
most preferable between 60 and 90 nm. 

83. The nnethod according to any of the claims 56-82. wherein the layered structure 
30 of the product is in accordance to (he product described in claim 26 to 30. 

84. The method according to any of the claims 56^3, wherein the shape and stee of 
the polymeric product can be any possible to produce by pressing Into to a 
mould, said mould forming a polymeric product which can be flat or round or in 
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be^ween and where the three-dimensional shape can be any possibre fbnming by 
pressing intoa moukl. 

85. The method according to any of the dafms 56-84, wherein the tNcknese of the 
5 polymeric product is between 0.001 and 40 cm thick, such as between 0.005 

and 30 cm. preferable between 0.01 and 20 cm, more preferable between 0.02 
and 1 0 cm, further preferable between 0.03 and 8 cm, yet fiolher preferable 
between 0.04 and 5 cm, most preferable between 0.05 and 2 cm 

10 86. An artificial cartilage product comprising a bf o-compatlble polymerte product with 
a layered structure, as defined in any of claims 1-4B. 

87. A prosthetic devtee comprising a blo-compatibie polymeric product with a 
iayerad structure as defined In any of dafms 1-48. 



16 
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88. A hip endoprosthesis comprising a blo-compatlble polymeric product with a 
layered stnidure as defined In any of daims 1-48. 



eg. A surfece of a prosthetic device comprising a blo-oompatible polymeric product 
20 . with a layered structure as defined in any of claims 1-48. 

go. A breast prosthesis comprising a Wo-compatlble polymeric product with a 
layered strudure as defined in any of claims 1-48. 

25 91 . A stent comprising a bio-compatlble polymeric produd with a layered strudure 
as defined in any of dalnns 1-46. 

g2. A catheter comprising a blo-comp^le polymeric produd with a layered 
structure as defined In any of daims 1-48. 



93. A heart valve comprising a blo-compatible polymeric produd with a layered 
structure as deflned in any of claims 1-48. 

04. Use of a blo-compatible polymeric produd as defined in any of cidim 1-48 for 
production of a medical device. 
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95. Use of a bto-compaflbie potymertc product as defined in any of daim 1-48 for 
produdlon of a cartilage substitution. 

96. Use of a bio-compatible polymeric product as defined 3n any of daim 1-48 for 
production of a proetheds. 

97. Use of a biOKXMnnpatible polymeric product as defined in any of cirfm 1-48 for 
production of a Mp endoprosthesis. 

98. Use of a blo-compatlbie polymeric product as defined in any of claim 1-48 for 
production of a breast piDstliesis. 

99. Use of a bio-compatibfe polymeric product as defined In any of daim 1«48 for 
production of a stent 

100. . Use or a bio-oompatible polymerfc product as defined In any of claim 1- 
48 for production of a catheter. 

1 01 . Use of a blo-oompatible polymerfc product as defined In any of daim 1- 
48 for produdion of a heart valve. 
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The still wann 
, ''jsandwich'* is 
pressed Into shape 
and cooled before 
being remoYcd from 
the mould. 
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Unwanted pazt5 of 
the pressed 8hq)6 
axe cot off. 
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X-ray ideatificBtioii, si fi>im 
of 7 mall melallxo i^hmSi 
are put a few miUiineters into 
the edge of the product, and 
^e edges are then sealed in an 
injection moldiqg process. 
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The cup is packed 
in an oxygea-frcc 
atmosphere like 
nitrogen ox argpn 



I 




The cup is iuadiated by 
electron radiation in oider 
to cross-tink the matedal. 




The cup is then heated at 
-80 ®C for a few hours to 
remove rcfiidual free 
radicals. This is conducted 
in the oxygen*finee package. 
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PVP is coaled oain 
a plasma chaniber 
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